Copper Oxide is an extensively studied group II-VI semiconductor with optical properties. It exhibits a wide variety of morphologies in the nano regime that can be grown by tuning the growth habit of the CuO crystal. CuO nano materials with an average particle size of 15-27 nm are synthesized by chemical route. XRD, SEM, FTIR UV-Vis and EDS characterize the samples. The percentage of doping material is confirmed from the EDS spectra. The average crystal size of the prepared CuO: La nanopowder is determined by XRD. The UV absorption spectra revealed the absorption edge at wavelength 389 nm indicating the smaller size of CuO:La nano particle. The optical direct band gap energy of doped CuO nanoparticle is found to be in the range 3.149 eV. The increasing red shift with decreasing particle size suggests that the defects responsible for the intra gap states are primarily surface defect. The La doped CuO is highly effective and can significantly enhance the photo catalytic degradation.
INTRODUCTION
Nanomaterials are different from bulk materials and isolated molecules because of their unique optical, electronic and chemical properties [1, 2] . They manifest extremely fascinating and useful properties, which can be exploited for a variety of structural and non-structural applications [3] . Metal oxide nanoparticles belong to a family of nanomaterials that have been manufactured on a large scale for both industrial and household applications, and they hold promise for future applications [4, 5] . Copper Oxide is an extensively studied group II-VI semiconductor with optical properties that permits stable emission at room temperature having immense application in sensors, field emission and photonic devices [6] . Nanoparticles of CuO can be used as gas sensors, optical switch, and magnetic storage media owing to its photoconductive and photochemical properties [7] . Furthermore it is a promising semiconductor for solar cell fabrication due to its suitable optical properties. CuO nanoparticles have immense medical applications [8, 9, and 10] . It possesses useful photovoltaic and photoconductive properties because CuO crystal structures have a narrow band gap [11, 12] . CuO nanoparticles have been applied in different areas, including sensors catalysis, batteries, high temperature superconductors, solar energy conversion, and field emission emitters [13] . Ohwada K et al. [14] carried out normal coordinate analysis of the optically active vibrations of doped lanthanum copper oxide with the assumption of an infinite [(CuO 2 )O 2 ] 6 -layer model. With respect to the results of this analysis, some of the observed bands have been successfully assigned to the Cu-O lattice vibrations. In addition, the force constants concerning Cu-O bonds have also been obtained within the framework of a modified valence force field. It was found that this analysis based on the infinite layer model is useful for assigning the relatively high vibrational frequencies observed at the centre of the first Brillouin zone in doped lanthanum copper oxide. Golosovsky IV et al. [15] demonstrated a noncollinear anti-ferromagnetic structure with the transition temperature of approximately 130 K and propagation vector k = [0 ½ 0] in the monoclinic compound La 2 Cu 2 O 5 by using single-crystal neutron diffraction method. They obtained the values and directions of the magnetic moments and crystal structure parameters by least-squares refinement. The results showed that La 2 Cu 2 O 5 possess low-dimensional magnetic behavior with critical index beta = 0.228(8), like rare-earth cuprates R 2 CuO 4 .La 2 O 3 is an ingredient for the manufacture of piezoelectric and thermoelectric material. In is used to increase piezoelectric coefficient and improve product energy conversion efficiency and catalytic applications. Lanthanum is used to improve burning rate of propellant of aircraft. It is a laser material used in X-ray imaging intensifying screens, phosphors as well as in ceramics. Copper oxide nanoparticle has been doped with Lanthanum and studied the effect on energy band gap on doped material [16] . The doping of La ions may enhance optical properties of CuO nano particles. No study on the optical properties of CuO: La was reported so far. Hence the effect of doping La with CuO nanoparticles was studied in this paper.
EXPERIMENTAL

Synthesis and characterization
CuO nanoparticles are prepared by Chemical precipitation route. CuO nanoparticles are prepared from copper nitrate solution and ammonia. In this method one molar solution of Cu(NO 3 ) 2 is prepared. For this, 24.16gm of copper nitrate is taken and dissolved in 100ml distilled water. Mix 25ml ammonia solution in 75ml water. These two solutions are kept in two burettes and drop simultaneously into a conical flask containing water and stirred. O.1M Lanthanum dioxide solutions is dropped along with other two solutions. A precipitate is formed which is washed off using distilled water and acetone. In order to prevent agglomeration 4-5 drops of Tri Ethyl Amine (TEA) was added to solution. After proper centrifugation the residue is dried at 80 0 c for one hour in the temperature controlled furnace. Annealing at 250 o C for two hours gives copper oxide. When colour of the sample becomes coffee brown CuO doped with Lanthanum ions is formed.
The orientation and crystallinity of the powder were studied using Rigaku DMAX diffractometer using Cu -Kα radiation monochromatised with a graphite crystal and high temperature attachment in θ-2θ geometry. The surface topography and microstructure were studied using Field Emission Scanning Electron Microscopy (FESEM). Perker Elmer Lamda 25 UV-Vis spectrometer was used to study the optical properties of nanopowder. FTIR spectroscopy uses Michelson interferometer to produce an interferogram. Energy Dispersive X-ray Spectrum Analysis (EDAX) was used to determine percentage composition of La in CuO.
RESULTS AND DISCUSSIONS
Characterization using XRD
The XRD pattern, Figure 1 (002), (101), (102), (110), (103), (112), (201), (200) and (202) reflections of hexagonal CuO [5] . The XRD techniques are widely used for the particle size and structure determination of nanoparticles. The patterns are compared with JCPDS file No: 80-0075 comparing the observed data with the JCPDS file. The percentage variation of hkl values are shown below in the Table 1 .From the table it is noted that percentage variation of hkl values very small, which indicates the change in monoclinic structure of the CuO nanoparticle with doping of La ions is insignificant. The degree of crystallinity of nanoparticles increases with annealing temperature. The percentage of lattice contraction with annealing temperature can also be studied using X-ray diffraction pattern. Particle Size, can be calculated by the formula [9] Debye-Scherrer's formula θ β λ
K= 0.89, λ the X-ray wavelength = 0.154095 nm, β the full wavelength at half maximum and θ the half diffraction angle. The crystal size of CuO: La nano particle at 150,200,250 o C was calculated from FWHM and tabulated in Table 2 . It was found that the crystallite size of CuO: La nanopowder was 23 nm at 150˚C which increased to 27 nm at 200˚C and 33 nm at 250˚C. From the figure it is clear that the intensity of crystalline peaks increases with increase in temperature. Simultaneously the peaks become narrower as the temperature was increased showing the increase in crystallite size The continuous increase in the particle size with temperature can be attribute to the atomic diffusion. From the atomic perspective, diffusion is a stepwise migration of atom from lattice site to lattice site. In fact, the atoms in solid material are in constant motion, rapidly changing position. For an atom to make such a move the atom must have sufficient energies to break bonds with its neighbor atoms and then cause some lattice distortion during the displacement. As the temperature increases the atom gain sufficient energy for diffusion motion and thereby increasing crystallite size [18] . According to Ostwald ripening phenomena the increase in the particle size is due to the merging of the smaller particles into larger ones as a result of potential energy difference between small and large particles and can occur through solidstate diffusion [17] .
Scanning Electron Microscopy (SEM) of CuO:La
The Scanning Electron Micrographs of CuO: La, Fig.2 , nanomaterials synthesized under aqueous medium. The SEM image of CuO: La nanoparticle under high magnification is shown below. Spherical shaped morphology is observed in the micrograph of CuO: La, Fig. 2 . The SEM pictures show distinguished spherical morphology with self aligned prismatic nanoparticles. The morphology of CuO nanopowder as revealed by FESEM showed nanoparticle of size 15-100 nm.
Fig. 2. SEM Image of CuO:La nanoparticle under high magnification
Energy Dispersive Spectrum Analysis (EDS) of CuO: La nanoparticles
EDAX spectrum, Figure 3 , plot not only identifies the elements corresponding to each of its peaks, but the type of X-ray to which it corresponds as well. The higher a peak in a spectrum, the more concentrated the element is in the spectrum. Spherical shaped morphology is observed in the micrograph of CuO:La. Table 4 . The presence of doped rare earth element Lanthanum ions in CuO nanopowder was confirmed by the analysis. [19] .Variations of the peak positions of CuO:La relative to undoped CuO [27, 28] are presented in the Table 3 . From the data's presented in the table revealed that the doping with lanthanum ions induces a shift in the absorption bands of the undoped CuO. The peak observed at 825.80 cm -1 may be the presence of some La in the Copper Oxide nanoparticle. The broad absorption peak centered at 3415.73cm-1 corresponds to O-H stretching of water indicating the existence of water in the surface of nanoparticles [20 
UV Absorption and Reflection Spectra
The optical absorption spectrum [21] was used to study the optical properties of the synthesized CuO nanoparticles; from this the band gap and the type of electronic transitions were determined. When a semiconductor absorbs photons of energy larger than the gap of the semiconductor, an electron is transferred from the valence band to the conduction band there occurs an abrupt increase in the absorbency of the material to the wavelength corresponding to the band gap energy. The relation of the absorption coefficient (α) to the incidental photon energy depends on the type of electronic transitions. When in this transition, the electron momentum is conserved, the transition is direct, but if the momentum does not conserve this transition it must be attended by a photon this is an indirect electronic transition [21] . Energy band gap studies of these materials have been reported using absorption spectra. The fig.5 depicts the optical absorption spectrum of CuO:La nanopowder prepared under aqueous conditions. The UV visible spectra displayed excitonic absorption peak at 280 nm. It shows that the absorption edge at 389 nm. The material is reported as direct band gap material. For higher values of absorption coefficient, optical absorption shows a power load dependence on photon energy.
A. Determination of Band gap energy from UV absorption Spectra.
Energy band gap studies of these materials have been reported using absorption spectra, Figure 6 . The material is reported as direct band gap material. For higher values of absorption coefficient, optical absorption shows a power load dependence on photon energy [21] . E g is the optical band gap. Optical energy gap is obtained by extrapolating the linear portion of the absorption spectrum to zero. The energy band gap for La doped CuO is calculated using λ g =389 nm as 3.149 eV. But the standard band gap energy for CuO nanoparticle is 4.68 eV [23] . On doping band gap energy decreases. Optical absorption shows that the direct band gap verses indirect band gap permits the determination of the crystallinity of a material. Energy band gap studies [22] of these materials have been reported using absorption spectra. The red shift in the band gap energy and reduced electron hole recombination rate make the product material an ideal photo catalyst to harvest solar radiation for various applications. With decreasing particle size, a strong hybridization of the s-p states of the CuO host and the d states of the La impurity is likely to occur [22] . The increasing red shift with decreasing particle size suggests that the defects responsible for the intra gap states are primarily surface defect [25] . The La doped CuO is highly effective and can significantly enhance the photo catalytic degradation. Further these nanoparticles could be used in semiconductor devices such as photo amplifiers, modulators for optical fiber communication system etc. For Copper and oxygen atom paramagnetic and ferromagnetic moments increases with decreasing size. The role of oxygen vacancies is understood to relate to the generation of free carrier mediating ferromagnetism between copper spins [26] . The UV Reflection spectra depicted in Fig. 6 shows a gradual increase in the percentage of reflectance with wavelength.
CONCLUSION
The size and crystal structure of CuO doped with lanthanum was studied using XRD. The XRD results is indicated that the particle size if nano CuO doped with lanthanum is much small as compared to that of CuO and decreases with lanthanum loading . From XRD results it is clear that as temperature increases, particle size also increases. The change in particle size cause large variation in the physical properties since 1nm size change may introduce a considerable change in the number of surface atoms with lower consideration and broken exchange bonds. The UV absorption spectrum shows a red shift towards 389 nm. The energy band gap for La doped CuO is calculated as 3.149 eV. The increasing red shift with decreasing particle size suggests that the defects responsible for the intra gap states are primarily surface defect. On doping band gap energy decreases. The red shift in the band gap energy and reduced electron hole recombination rate make the product material an ideal photo catalyst to harvest solar radiation for various applications. With decreasing particle size, a strong hybridization of the s-p states of the CuO host and the d states of the La impurity is likely to occur. The La doped CuO is highly effective in enhancing the photo catalytic degradation and could be used as a wide band gap semiconductor.
